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ABSTRACT
Surveys have shown that housewives and food processors prefer a' 
mealy, white fleshed Irish potato tuber. Less mealy potatoes are 
generally used for boiling or salad purposes. However, m ealiness is  
considered to  be the standard of Irish potato culinary quality by most 
authorities in  the United S tates .
This research was undertaken in an effort to correlate variations 
in m ealiness w ith certain  physical characteristics and the chemical 
composition of southern grown Irish potato tubers, and tubers of the 
same varieties from a northern area .
Four Irish potato v arie ties , grown at a northern and a southern 
location, were included in th is  study. They were: Red LaSoda, Sebago, 
W hite Rose, and Russet Burbank, grown at Rhinelander, W isconsin , and 
Baton Rouge, Louisiana. Environmental and cultural conditions were 
sim ilar for a ll varie ties at a loca tion . Spring and fall crop tubers were 
grown at Baton Rouge and compared in  quality studies with tubers of the 
same varie ties produced at Rhinelander. Four harvests, at different 
d a te s , were made of the southern spring and fall crops.
The specific gravity and dry matter content of tubers were deter­
mined by means of a potato hydrometer. M ealiness was judged by a 
ta s te  panel, following analyses of tubers for to ta l starch , amylose and 
am ylopectin, sugar and protein content. Anatomical studies and measure 
ments of ce ll and starch grain size were a lso  made*
ix
There were marked variations in specific gravity , dry matter con­
ten t, chemical composition, ce ll and starch grain s iz e , and m ealiness 
of tubers between v arie ties , locations and dates of h arvest. Those of 
the Russet Burbank variety were highest in m ealiness. Red LaSoda 
potatoes were low est in  m ealiness, while those of the Sebago and W hite 
Rose varie ties were at an interm ediate lev e l. Tubers produced at the 
northern location were superior to  those of the spring or fall crops at 
the southern location . Fall potatoes were of higher quality than those 
grown during the spring at the southern location .
Based on th is  study, it  appears tha t specific  gravity , chemical
com position, ce ll s iz e , and starch grain size may be rela ted  to m eali-
«
ness of potato tu b e rs . However, some of these  re la tionsh ips have not 
proven entirely consisten t.
x
INTRODUCTION
The culinary quality of the Irish potato (Solanum tuberosum , Linn.)/ 
has been a frequent subject for research . Results as  interpreted have 
often been contradictory/ reportedly because objective and uniform 
standards for judging quality have not been developed, and knowledge 
of the changes which occur during cooking has been e lu s iv e .
Surveys (12, 18, 21, 23) have shown that housewives and food 
processors generally prefer a m ealy, white fleshed Irish potato . Tubers 
which are le s s  mealy have been widely used for boiling or salad purposes. 
However, m ealiness is  considered to be the standard of Irish potato 
culinary quality by most authorities in the United S ta te s .
Much of the research on potato tuber quality has been directed 
towards determining the factors rela ted  to m ealiness, and is  generally 
grouped into those of a physical and of a chemical natu re . No precise 
method of predicting the quality of the cooked product has yet been d e­
v ised , although specific  gravity is  considered the most p ractical index.
A positive correlation between the specific gravity and dry matter con­
ten t of tubers has generally been dem onstrated. Workers and food 
processors have used specific gravity a s  a measure of the dry matter 
content, and an indication of quality in  Irish po ta toes. High specific 
gravity is  usually  assoc ia ted  with high dry matter content and quality .
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This study was designed to  correlate possible variations in m eali­
ness with physical properties and chemical- composition of southern 
grown Irish p o ta to es , and tubers of the same varie ties grown in a 
northern location . Since most southern grown potatoes are generally of 
lower m ealiness than most northern grown tubers, a knowledge of the 
factors related  to  m ealiness in  potatoes could prove helpful in the 
breeding, se lection  and culture of varie ties which would p ossess higher 
m ealiness. Tubers having th is  quality would be excellent for household 
u se , perhaps provide southern potato processors w ith locally  grown 
v arie ties , and decrease the problems and costs of shipping and storing 
potatoes from other areas as is  now necessary  for many potato processors 
in  the sou th .
REVIEW OF LITERATURE
The specific gravity of potato tubers has been shown to  be closely  
related to  the ir to ta l dry matter content, which is  considered a measure 
of quality (29). However, exceptions to  a correlation between specific 
gravity and m ealiness have been reported (21, 25, 40, 52). In terpreta­
tion of resu lts  has varied considerably, but generally no positive correla­
tion between specific gravity and m ealiness was obtained. Hawkins et a l 
(21) reported tha t specific gravity did not correctly indicate the starch 
content, nor by inference the  m ealiness of po ta toes. This w as particu­
larly true of potatoes stored at high (75 degrees F .) or low temperatures 
(35 degrees F .) , due to underestim ation of starch at high tem peratures, 
and overestim ation of starch at low tem peratures, when compared with 
specific gravity .
Other investigators have found discrepancies in the  relationship 
between specific  gravity and m ealiness of potato tu b ers . Kirpatrick (25), 
working with four varie ties of early-crop p o ta to es, found no significant 
relationship between specific gravity and m ealiness in boiled, baked, 
or mashed po ta toes. Siich a correlation should have ex isted , she 
pointed out, since a significant difference existed  between specific 
gravity and dry m atter, and m ealiness and dry matter content, as deter­
mined by ta s te  p an e ls .
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Schark (40) found tha t differences between the specific gravity of 
several varie ties of potato tubers were significant when compared with 
m ealiness scores of ta s te  judges. However, he also  concluded tha t 
there was some factor other than  specific gravity which influenced the 
evaluation of m ealiness in  the tubers te s ted  by the judges. This 
opinion was based on the fact tha t tubers showing the same specific 
gravity differed in  m ealiness when a s se sse d  by ta s te  p an e ls . It was 
suggested tha t further studies be made to  determine what ch arac te ristics , 
in addition to  dry matter content, influenced m ealiness .
Further lim itations of the specific gravity method were pointed 
out by W hittenberger (52). He showed th a t the relationship between 
specific gravity and sloughing, the disintegration during cooking which 
is  common among mealy po ta toes, depended partly upon the physiological 
condition and storage history of the p o ta to es . The amount of sloughing 
could decrease or increase without any change in specific gravity , or 
sloughing could even decrease as specific gravity increased . The 
accuracy of specific gravity for indicating starch content a lso  varied 
with storage condition; le a s t accuracy being with tubers stored at low 
(35 degrees F .) tem peratures.
M iller, S istrunk, and Webb (30) sta ted  that specific gravity 
apparently w as not the limiting factor responsible for potato chip quality . 
There seemed to  be no definite relationship between specific gravity and 
m ealiness among the varie ties evaluated in  th is  work.
Specific gravity of potato tubers w as reportedly influenced by 
several known fac to rs . Some seemed to have only minor e ffec ts , while 
others resulted  in a significant increase or decrease in specific gravity 
readings (5).
Stevenson (46, 47), found inherent varietal differences in the dry 
matter content of tu b e rs , but also  reported that often the differences 
caused by environment were greater than genetic fac to rs . Tubers of the 
same variety grown at different locations varied more in specific gravity 
than those of different varie ties grown at the same location . Some en- 
vironmental factors influencing dry matter content were so il, location, 
date of p lanting, date of harvest, fe rtilizer, tem perature, and m oisture.
Summarizing work done at Cornell, Ora Smith (43) reported tha t 
many factors influenced specific gravity and corresponding culinary 
quality of Irish po ta toes. As a general c lass ifica tio n , environment was 
the most important influencing factor, w ith varietal differences secondary. 
Culinary quality was as variable for a given variety grown at different 
locations as it w as between varie ties grown at the same location . 
Temperatures during the growing season , when moisture supply was 
low, had considerable influence on quality , especially  when low 
moisture supply was coupled with high tem perature. These conditions 
resulted  in low specific gravity tu b e rs , due to greater respiration and 
larger lo ss of dry matter from the tu b e rs . Delayed maturity of the tu b e rs , 
due to  any factor, resulted  in  decreased specific gravity readings.
Among the factors causing delayed maturity were amount and kind of 
fertilizer, planting date, harvest date , vine killing p ractices, and the 
insect or d isease control program*
Heinze et al (22) reported that dry matter, alcohol insoluble so lids, 
and starch were good measures of potato culinary quality , but th is  
quality varied considerably. Ratings of tubers by ta s te  panels showed 
that m ealiness was influenced as much by location and growing condi­
tions as it was by varietal d ifferences. Tubers of the Katahdin variety 
produced at one location were among the m ealiest, while tubers of the 
same variety grown in another location were among the least m ealy. 
Cooking methods of various types made little  difference in the m ealiness, 
dryness, or flavor of tubers of the different varieties te s ted .
The specific gravity of potato tu b e rs , according to Bonde (6) was 
lowered by any factor which caused premature death of the p la n ts .
Among these  factors were defoliation by d isease  and insect infestation .
A long growing season was favorable for production of potatoes of high 
specific gravity. Shortening the growing period, by any m eans, resulted 
in potatoes which were of lower specific gravity.
Haddock and Blood (18) showed that potatoes of identical specific 
gravity, but grown at different locations, differed in m ealiness. Nylund 
and Poivan (35) reported that potatoes of identical specific gravity 
varied in m ealiness, depending on the date of planting and the variety .
From a physico-chem ical standpoint, as related to m ealiness, a 
considerable amount of research has been done since the early 1900's.
The most comprehensive and in tensive was tha t of Sweetman (48). This 
worker defined the potato tuber as "a dispersion of s ta rch , sugar, 
ce llu lo se , and protein as constituen ts , with other components in le sse r  
proportions, such as v itam ins, so lanin , ac id s , e t c . ,  in  a w ater medium. 
The starch is  in suspension, the c llu lose and protein in colloidal so lu­
tio n , and the sugar, a sh , and most of the other m aterials, in  true solu­
tio n . The physical and chemical changes produced by cooking potatoes 
are of two t y p e s , , i . e . , those resulting from lo sses  to  the cooking 
medium, (for example, frying fat); and those resulting from the action 
of heat on the various tuber components; (this includes a ll the changes 
which occur in the cooking p ro c e ss ) .'1
Earlier literature reported considerable variance of opinion among 
workers as to the changes which occurred w ithin a tuber during cooking. 
Atwater (2) sta ted  tha t potato m ealiness was due to the starch swelling 
with cooking, followed by subsequent bursting of the c e lls .  East (15) 
also  believed m ealiness w as due to  the presence of sufficient starch 
to  burst the ce ll w a lls . These opinions were based  on the presence of 
broken ce lls  after the potatoes had been m ashed. Later workers (11, 13, 
14, 26, 49) disagreed with these  th eo rie s , showing tha t disintegration 
of the ce lls  w as due to the m echanical operation of mashing rather than 
to the cooking process its e lf .
Langworthy (26) reported tha t examination of cooked po ta toes, 
which were mealy in  tex tu re , revealed no bursting of the ce ll w a lls .
She wrote tha t "the middle lam ella which holds the ce lls  together had
dissolved and the ce lls  separated from each o th er."  Day (14) also  found 
tha t even in mealy potatoes cooking w as not characterized by bursting of 
the ce ll w a lls . Coudon and Bussard (13) sta ted  tha t mealy potatoes were 
simply those which disintegrated during cooking, i . e . ,  the ce lls  of such 
tubers separated from each other. In non-mealy potatoes th is  separation 
did not occur. In neither case  w as there a bursting of the ce ll w a lls . 
Butler (11) reached the conclusion "that it  could be readily determined 
by direct experimentation tha t m ealiness w as due to cellu lar separation , 
not to  cellu lar d isin tegration . "
Sweetman (49) further confirmed tha t ce ll w alls did not burst during 
cooking. In fac t, most of the ce ll w alls maintained the ir integrity after 
m echanical treatm ent sufficient to  give a w ell mashed product. She sug­
gested  that to explain relative degrees of m ealiness it w as necessary  to 
seek the reason for variation in ce ll separation of the cooked product.
The intensive research of Sweetman on the subject of physico­
chemical bhanges occurring during cooking of potatoes involved a number 
of fac to rs . These were: solution of pectic  substances; gelatin ization  of 
starch; softening of cellu lose; coagulation of protein; and caram elization 
of sugar.
This worker (48) showed that when potatoes were cooked, hydro­
ly sis  of protopectin and solution of the pectin occurred, with resultan t 
separation of the ce ll w a lls . This factor had a tendency to  be corre­
lated with m ealiness, or tex ture , but could not be asso c ia ted  with 
starch con ten t. The reasons advanced were tha t since pectin  held the
ce lls  together, m ealiness resulted  when a large proportion of the pectins 
were easily  soluble or the proportion of insoluble pectins w as low .
Pectin compounds were believed to  be involved in cohesion, the 
capacity  of potatoes to  re s is t disintegration or sloughing when boiled, 
which was inversely correlated with m ealiness. Calcium pec ta te , a 
component of the ce ll w all, seemed inversely associa ted  with sloughing, 
which occurred in many mealy potatoes when they were bo iled , although 
some lots of mealy potatoes did not slough. Pyke (39) found that the 
addition of soluble calcium sa lts  to mealy tubers during boiling reduced 
sloughing and was considered satisfactory  for home or small scale  usage.
Nutting (34) also  reported tha t the addition of calcium su lfa te - 
sodium chloride tab le ts  to  potatoes during cooking reduced sloughing. 
Soaking uncooked tubers in a strong calcium solution prior to  cooking 
also  substantially  reduced sloughing. This effect w as thought to  be 
due to the calcium sa lts  firming the pectin which held the ce lls  together. 
Sloughing could be reduced by storage of the tubers at tem peratures low 
enough to  decrease the starch con ten t. When tubers were cooked the 
starch grains sw elled, causing distortion of the ce ll w a lls . Subsequent 
sloughing w as believed to  be due to  d issolution of the pectin  holding 
the ce ll w alls together.
Later, Bushnell (10) showed that high calcium content of potato 
tubers was closely  correlated with low fat absorption during frying, high 
to ta l so lid s , and starch content. Raw tubers which contained higher 
percentages of to ta l calcium produced better potato ch ips, based on
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color ra tings. Tubers differed in chip quality , with those of Russet 
Burbank b e s t, and Red Pontiac the poorest.
The relationship between pectin and m ealiness in potatoes was 
a lso  investigated by Freeman and Richie (16), who extracted pectin 
fractions from raw and cooked tu b e rs . They found no consisten t re ­
lationship between quantity of pectin and m ealiness. Mealy tubers, 
either cooked or raw , did not y ield more w ater soluble pectin than waxy 
sam ples. However, th ese  workers explained tha t a possib le  reason for 
these  resu lts was the degradation of pectin to  soluble form s. This could 
have taken place during the in itia l period of cooking before the potato 
tis su e  reached a point which could be termed mealy or w axy. Personius 
and Sharp (37) further confirmed th is with studies in  which they found 
that weakening of the cementing m aterials between the ce lls  took place 
between 113-167 degrees F. The weakening went so far at each 
temperature and then stopped, so tha t in order to weaken the cementing
material s till  further the temperature had to  be increased .
\
More recent work by Potter and McCamb (38) showed no sign ifi­
cant difference in pectin content of tubers in the varie ties and lots 
studied . The pectin  content of the tubers was independent of specific 
gravity , and varied with different growing locations and cultural condi­
tio n s . There was no correlation between subjective appraisal for texture 
and the pectin  content of the tubers. Bettelheim and Sterling (4, 5) 
found no obviously direct relationship between the characte ristics of 
pectic m aterials and potato tuber tex tu re . Their resu lts  were interpreted
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as seeming to  negate the supposition tha t ce ll separation as such was 
responsible for mealy texture and ce ll adhesion responsible for waxy 
texture of p o ta to es. Starch content of the tubers w as believed to  be 
the principal factor determining potato texture by causing a d istension 
of the ce ll w alls during gelatin ization , inducing the ce lls  to  round off 
from each other.
Tensile strength was used by Personius and Sharp (37) to study 
the effect of cooking on the ease  of cellu lar separation in cooked potato 
tubers. The objective was to  determine the minimum of longitudinal 
s tress  required to pull a section of potato tuber asunder. However, 
microscopic examination failed to  show a relationship between ten sile  
strength of raw tubers and size of c e lls , th ickness of ce ll w a lls , amount 
of starch in the c e lls , or size  of starch g ra in s . There w as also  no signi­
ficant difference estab lished  between ten sile  strength of raw tubers and 
tex tu re , or m ealiness. Cooking the tubers simply decreased the ten sile  
strength to  a constant value. No difference w as observed between waxy 
and mealy tubers as to  adhesion of ce lls  in the raw or cooked tis s u e . 
According to  these  w orkers, separation of ce lls  was apparently not de­
pendent on starch ge la tin iza tion , since a weakening of the cementing 
m aterials between ce lls  occurred at tem peratures below the ge la tin iza­
tion  temperature of the s ta rch .
Recent research  has indicated some correlation between the per­
centage of starch and dry matter in  raw tubers and m ealiness ratings 
of cooked tubers (5), but the exact nature of the relationship has not
12
been determined. Starch has been commonly reported as  the principal 
constituent of the dry matter in potato tu b e rs , along with le sse r  amounts 
of sugar, ce llu lo se , and pro teins. Consequently, some research has 
been directed towards establishing correlations between the starch con­
ten t of tubers and their m ealiness ra tings. However, despite apparent 
relationships between these  fac to rs , considerable variation has been 
found in reports on the sub ject.
According to Sweetman (49), starch was present in potato tuber 
tis su e  in the form of microscopic g ra ins, composed of concentric layers 
of amylose and am ylopectin. The outer layer had different properties 
from the inner bulk of the grain . The former, known as am ylopectin, 
w as relatively  dense, and, when heated , became slimy and s tick y . The 
inner portion of the grain, termed am ylose, was readily dispersed in 
either hot or cold w ater to form a colloidal solution.
When uninjured starch grains were mixed with cold w ater, a non- 
viscous suspension was formed, the grains sw elled sligh tly , and 
gradually se ttled  to the bottom. Heating stim ulated sw elling, and a 
rapid increase in rate of swelling took place between 5 0 and 60 de­
grees C . ,  with a maximum increase occurring at a temperature somewhat 
below the boiling p o in t. It w as estim ated tha t potato starch grains in ­
creased  forty tim es in volume during gelatin ization , as compared with 
eight tim es for the starch grains of w heat.
Reports have shown tha t amylose and amylopectin differed funda­
mentally in chain structure (28, 50). Amylose was composed of
unbranched chains of m olecules, w hile amylopectin consisted  of much 
branched ch a in s . This type of branching structure gave amylose a more 
w ater soluble character, while amylopectin did not exhibit th is  property. 
Because of the different physical properties of these two starch com- 
ponen ts, variations in the relative concentrations of each altered the 
gelling properties of starch g ranu les, and thus affected m ealiness 
ra tings. Some evidence has been presented to  show that the gelling 
properties of starch from different tuber groups varied . Unrau and Nylund 
(50) have reported th a t, because of these  differences in physical proper­
tie s  , high concentrations of amylose in potato starch conferred greater 
m ealiness while high amylopectin content caused w ax iness. Their data 
on the relationship between amylose content and m ealiness of tu b e rs , 
as a s se sse d  by ta s te  pane ls , seemed to agree with these  suppositions. 
Potato tubers showing the highest m ealiness sco res , by ta s te  te s t ,  also  
contained the highest percentage of am ylose.
Starch content has been found directly proportional to  specific 
gravity (5), but tubers of different v a rie tie s , having identical specific 
gravity , did not necessarily  have the same starch content. Although a 
positive correlation ex isted  between m ealiness and starch conten t, the 
low m ealiness scores of some high specific gravity tubers could not be 
explained by starch content alone (5 0). Starch from low specific  gravity 
tubers , however, contained le ss  am ylose. Tubers of the Cobbler and 
W aseca varie ties contained more amylose than  did Red Pontiac tubers 
of the same specific gravity . Therefore, m ealiness and amylose content
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seemed positively  correlated. Low specific gravity W aseca tubers 
scored higher in m ealiness ratings than low specific gravity Cobbler 
tu b e rs , and a lso  contained more am ylose.
Although- starch content appeared to  affect the specific gravity of 
potato tubers, the influence of starch on m ealiness ratings varied con­
siderably within tuber samples of different v a r ie tie s , even a t the same 
specific gravity le v e ls . This w as pointed out by Sweetman (49) in 
studies on the effect of starch gelatin ization  oh m ealiness. Barmore 
(3) showed that starch content was a major factor contributing to  m eali­
n e s s , but a lso  found differences in texture ratings by ta s te  panels even 
between potatoes with the same starch content. Other factors were b e ­
lieved to contribute to  th is  d ifference, but no significant correlation was 
found between m ealiness and other constituents of potato tuber t is su e . 
Shewfelt (42) a lso  found starch to be significantly  correlated with m eali­
ness or tex ture , and believed tha t ce ll w all th ickness of cooked tis su e  
was correlated with m ealiness. Bettelheim and Sterling (5) concluded 
tha t the relative amount of amylose or amylopectin in different tuber 
sam ples w as not correlated with texture scores of ta s te  p an e ls . Their 
opinion w as tha t differences in the amount of amylose or amylopectin 
present in potato starch had some influence on the m ealiness or w axiness 
of the tuber, but tha t th ese  differences were not measurable by their 
technique.
Other characteristics of starch in potato tu b e rs , such as size  of 
the starch g ra in s , were not thought to  be correlated with m ealiness by
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Sweetman (49), nor Unrau and Nylund (51). However/ Briant (9) reported 
a negative correlation between tuber m ealiness and the percentage of 
starch grains below .02 mm. in  diam eter, indicating tha t the more of 
these  sm aller starch grains in  a tuber, the le ss  mealy it  was likely to  
b e . This worker concluded tha t there was no apparent correlation between 
potato m ealiness and the percentage of starch grains above .03 mm. in 
diam eter.
Sharma and Thompson (41) found that the proportion of various 
sizes of starch grains in  potato tubers w as related to  specific gravity. 
Tubers having higher percentages of large starch grains (above 75 
microns in diameter) were highest in  specific gravity . Tubers contain­
ing higher percentages of very small starch grains (below 25 microns in 
diameter) were of low est specific gravity , w hile those having in te r­
mediate s izes  of starch grains showed no consistent differences in 
specific gravity . These workers theorized that the relative composition 
of potato sta rch , i . e . ,  the percentage of small and large starch grains 
developed under a common environment, might be a varietal character­
is t ic .
The literature contained few reports concerning the effect of ce ll 
size on potato quality . Lehmann (27) sta ted  that there w as a positive 
correlation between tuber size and the size  of the ce lls  composing the 
tuber. Large tubers were always made up of larger ce lls  than sm aller 
tubers. Tubers of several potato v a rie tie s , grown under sim ilar condi­
tio n s , showed ce ll size  d ifferences. Tubers of the same variety , grown
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In different environments, a lso  varied in ce ll s iz e .
Bredemann and Schulze (8) have reported that the size  of potato 
tuber ce lls  w as characteristic  for each variety , although tuber ce ll size 
w as affected by environmental cond itions. There was no correlation be­
tween ce ll size  and size  of starch grains in tubers , nor between size of 
ce lls  and time of maturity of the tu b e rs . Varieties differed in the per­
centage of ce lls  and starch grains of different s izes  found in the tu b e rs . 
Tubers of varie ties having approximately the same mean ce ll diameter 
could be distinguished by the percentage of the various sizes of ce lls  
they contained. These resu lts  were considered important for potato 
starch manufacture, since the larger ce lls  yielded more starch .
Some research on the relationship between nitrogenous compounds, 
protein, and the quality of potato tubers has been reported. The protein 
of p o ta to es, according to Sweetman (48), consisted  largely of the 
globulin, tuberin, which was insoluble in w ater but soluble in dilute 
solutions of the sa lts  of strong acids and b a se s . Due to  th is property 
most of the potato protein w as dispersed in the ju ice of the tuber.
Early w orkers, such as Coudon and Bussard (13), reported tha t the 
ratios of nitrogen and protein-nitrogen to  starch were h ighest for non- 
mealy tubers and low est for mealy po ta toes. Other workers (15, 20) 
found tha t neither nitrogen nor protein-nitrogen was related  to quality 
of p o ta to es .
Some of the more recent research on th is  subject w as that of 
Unrau and Nylund (50), who concluded that there w as an inverse
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relationship between crude protein and specific gravity in  both raw and 
boiled tu b e rs . However, no associa tion  between protein content and 
m ealiness of the tubers was apparent. Most of the nitrogen w as present 
&s small pep tides, free amino ac id s , or nitrogen b a s e s . These data 
indicated th a t tuber m ealiness w as negatively correlated with the amount 
of nitrogenous m aterials p resen t, but these  workers believed tha t th is  
associa tion  could be sign ifican t. The simple nitrogenous compounds 
could act as  "mortar agents" between gelatin ized  starch g rains, or as 
an ti-sw elling  agents by forming a protective layer around partially 
gelatin ized  starch g ra in s .
The sugar content of a potato tuber had a definite effect on its  
cooking q u a lity . Sweetman (48) pointed out tha t potato tubers contained 
varying amounts of sugar from almost none to over five per cen t, de­
pending upon storage conditions. Sugar underwent a carm elization 
during the heating or cooking, m anifested by development of a brown 
color and often an alteration  in the flavor of the cooked product. High 
sugar content imparted a sweet ta s te  to  boiled tubers which w as con­
sidered undesirable by Appleman ( l ) .  Sweetman (49) sta ted  that tubers 
became sweet when stored at any temperature below 40 degrees F. Sugar 
accumulation w as detrimental to  tuber flavor, m ealiness, and other 
culinary q u a litie s . Conditioning these  potatoes at 70 degrees F. for 
ten  to fourteen days removed accumulated sugars by increasing resp ira­
tion and/or partially  reconverting sugar to  sta rch . Kimbrough (24) 
showed that the respiration rate of potato tubers increased  markedly
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when the tubers were moved from a low (36 degrees F.) temperature to 
a higher temperature (71.6 degrees F .) . However, after three weeks 
storage the maximum respiration rate was a tta ined , following which 
little  temperature influence was no ticeab le .
The prediction of the culinary quality of raw tubers would be of 
considerable value. Recent research by Heinze (22) showed that dry 
m atter, alcohol insoluble so lid s , starch content and specific  gravity of 
raw tubers gave reliab le quality p red ic tions. Unrau and Nylund (50) 
also  recently concluded tha t m ealiness w as negatively correlated with 
the polysaccharide content of tu b e rs . They suggested tha t the high per- 
centage of to ta l sugars in Red Pontiac tubers might account for the low 
specific gravity and m ealiness ratings of tubers of th is  varie ty . They 
also  believed tha t high concentrations of sugars and soluble poly­
saccharides might act in the same manner as the small molecular weight 
nitrogenous compounds. Although m ealiness w as apparently negatively 
correlated with polysaccharide content, low specific  gravity W aseca 
tubers contained approximately the  same amount of polysaccharides as 
Red Pontiac tubers, yet were scored higher in m ealiness.
MATERIALS AND METHODS
Tubers of four Irish potato v arie ties , Red LaSoda, Sebago, White 
Rose and Russet Burbank, were planted and harvested at a northern and 
a southern location (Starks Farm, Rinelander, W isconsin and Ben Hur 
Farm, Baton Rouge, Louisiana) for th is research .
Environmental and cultural conditions were sim ilar for a ll varie­
tie s  at a location . Spring and fa ll crops were grown at Baton Rouge and 
compared in quality stud ies with each other and those grown at 
Rhinelander. Spring and fall crops a t Baton Rouge were each harvested 
on several different dates for quality com parisons.
Fifty to  one hundred pounds of potato tubers were obtained from 
a variety , location , and harvest d a te . Southern grown potatoes were 
placed in 70 degrees F. storage immediately following harvest. Northern 
grown samples were shipped to  Baton Rouge and placed in 70 degrees F. 
storage. All lo ts remained in  70 degrees F. storage for one month b e­
fore physical and chemical analyses were m ade. Tubers from the 
northern grown seed were used to plant the spring crop at Baton Rouge, 
while potatoes from the spring crop provided seed  for the following fall 
crop at tha t location . Potatoes of a ll varie ties were planted on the same 
date at a location .
Four harvests of both spring and fall crops were made at Baton 
Rouge. The firs t harvest w as made at the normal commercial harvest 




Eight pounds of potatoes were selected  from each variety for 
specific gravity and dry matter determ inations. W herever possib le , 
the same tubers were used for physical te s ts ,  chemical s tu d ies , and 
organoleptic ra tings. Four rep lications, each consisting of twelve un­
peeled tu b e rs , were used for the chem ical an a ly se s .
Specific Gravity, Dry M atter
These determinations were made with the potato hydrometer (44). 
The method u tilized  an eight pound sample of potato tu b e rs , chosen at 
random, and placed in a wire bask e t, suspended from the bulb of the 
hydrometer. When the sample and apparatus were placed in  a container 
of w ater the correct specific gravity and dry matter readings could be 
made directly from the hydrometer.
The specific gravity of tubers used for starch grhin and ce ll size 
measurements was determined individually by the sa lt brine solution 
method.
Organoleptic Tests
The same eight Staff members served on the ta s te  panel throughout 
these  ra tin g s . Samples were se t up and analyzed by the method of paired 
comparisons (7). Panel members were asked to  rank the  samples in 
ordinal arrangement of 0 to  4 (m ealiest sample = 4 , w axiest sample = 0). 
The criteria  used to  determine m ealiness and w axiness were as described
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by Sweetman (49). Tubers were baked and served warm, without the 
addition of tab le  sa lt or other season ing .
Anatomical Studies
Some research w as undertaken to  determine if there were varie tal 
differences in tuber ce ll s ize  and starch grain size which were associa ted  
with m ealiness. Tubers grown under sim ilar environmental and cultural 
conditions at the northern location during 1959 were u sed .
Anatomical studies were made of tubers of the Irish potato varie­
tie s  Red LaSoda, Sebago, "White Rose, and Russet Burbank. Five tubers 
of equal s iz e / weight (200 gram s), and known specific gravity from each 
variety were used for ce ll and starch grain size m easurem ents. Each 
tuber was cut in  half, one-half baked and te s ted  by the ta s te  panel, 
while the other half was not cooked. Sections were taken from the 
periderm and cortex of the halves of individual tu b e rs , both cooked and 
raw . The material was fixed in formalin-propionic ac id -alcoho l, and 
dehydrated in tertiary-buty l alcohol. Sections of both raw and cooked 
tis su e  were made and sta ined  w ith fast green and iron hem atoxylin.
C ells and starch grains from tubers of each varie ty , both raw and 
cooked, were measured with a calibrated ocular system . All m easure­
ments were made in  the parenchymatous tis su e  of the  cortex, 2500 
microns beneath the periderm of the tu b e rs . C ell size was expressed 
as c ro ss-sec tio n a l area in square microns.
Starch grains were c lassified  into four size groups: (A) Large
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(above 75 microns in  diameter) (B) Medium (50 to  75 microns in diameter) 
(c) Small (25 to  50 microns in diameter) (D) Very small (below 25 
microns in  diam eter).
Chemical Determinations
W herever p o ss ib le , the same unpeeled tubers used in the specific 
gravity te s ts  were also  used for a ll chemical analyses and m ealiness 
ra tings. This w as done to  reduce variations in any factors which might 
be caused by using other tubers for the several determ inations. In addi­
tio n , removal of the skin of the tuber caused a lo ss  of some tuber flesh  
at the same tim e. This could resu lt in erroneous readings of some 
m aterials, especially  starch and am ylose. Samples for analyses were 
obtained with a 9/16 inch cork borer. One longitudinal and one c ro ss -  
sectional core were taken through the entire tuber. This method allowed 
a more representative sample from a ll tuber a rea s , and tended to mitigate 
the variations of chem ical constituents in different areas of the tuber.
The core samples were then  used for the chem ical procedures, being 
prepared as necessary .
Total Starch
These analyses were based on the method of N ielsen (32), with 
some modifications (33). The fresh sample w as ground in a Waring 
Blendor, the starch extracted with 4 .0  to  4 .8  molar perchloric ac id , 
and the dissolved starch estim ated by photoelectric colorimeter readings
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of the blue color produced with iodine. The use of K55 red filte r in the 
colorimeter for the readings was reported to considerably reduce the error 
produced by dextrins when present (32).
The percentage of starch w as calcu lated  from a standard curve pre­
pared from the colorim eter readings of a known range of starch concen­
tra tion , using raw starch extracted from potato tubers (32).
Amy lose and Amvlopectln
The percentage of th ese  starch constituents w as estim ated co lor- 
m etrically according to the method of Halick and Keneaster (19), who 
found a high correlation between their resu lts  and cooking t e s t s . This 
procedure was modified for potatoes and based on the color reaction of 
amylose with iod ine. The in tensity  of the  blue color produced has been 
reported indicative of the amylose content of various starches (28).
A standard curve for determination of amylose and amylopectin 
percentages w as obtained according to the procedure outlined for th is 
m ethod.
Sugars
Sugar content was determined as outlined by Morell (31). The 
decrease in yellow color produced by heating sugars with alkaline 
ferricyanide w as measured w ith a photoelectric colorim eter. Sugar 
percentages were determined by comparison of readings with a standard 
reference curve.
Protein and Nitrogen
The analyses for th e se  m aterials were made according to the pro­
cedures described in the Methods of Analysis of the A ssociation of 
Official Agricultural Chem ists (36).
EXPERIMENTAL RESULTS
Specific Gravity
Marked variations in  specific gravity existed  between tubers of 
the four v a rie tie s . Specific gravity was also  influenced by location, 
growing season , and date of harvest (Tables 1 , 2 ,  and 4).
All potatoes from the northern location were higher in  specific 
gravity than those grown during the spring or fall at the southern loca­
tion (Table 1). Tubers produced during the fall were of higher specific 
gravity than those from the spring crop at the southern location.
Russet Burbank tubers were highest in specific gravity , w hile 
those of the Red LaSoda variety had the low est specific gravity. W hite 
Rose and Sebago potatoes were at an interm ediate specific gravity lev e l.
In general, the specific  gravity of potatoes produced in the spring 
under Louisiana conditions decreased as harvest dates were extended 
(Table 2). However, the reverse occurred in fall potatoes grown under 
Louisiana cond itions. Specific gravity of tubers increased  with delayed 
fa ll harvest dates (Figs. 2, 3, 4 , 5).
Tables 3 and 4 show that a significant relationship  existed  between 
specific  gravity and ce ll size  of tubers grown at the northern location 
during 1959. Of the four v a rie tie s , Red LaSoda tubers were composed of 
the sm allest c e lls , w hile those of the Russet Burbank were made up of
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Table 1. The e ffe c t of v a r ie ty , s e a s o n , and lo c a tio n  on th e  sp e c if ic










La. Spring Crops (1958 and 1959)
Red LaSoda 1.052 1.27 12.5 6 .4
Sebago 1.053 1.43 12.9 7.8
W hite Rose 1.055 1.74 13.3 8.2
Russet Burbank 1.064 2.53 15.2 9.2
La. Fall Crop (1958)
Red LaSoda 1.068 2.00 14.8 7.5
Sebago 1.069 1.25 15.5 11.8
W hite Rose 1.067 1.75 15 .7 8.4
Russet Burbank 1.070 2.65 17.5 10.0
Northern Crops (1957 and 1958)
Red LaSoda 1.070 1.02 13.2 10.0
Sebago 1.074 1.40 13.4 11.8
W hite Rose 1.073 1.60 13.9 12.8
Russet Burbank 1.091 2.77 18.9 18 ..7
Av. of All Crop Seasons
Red LaSoda 1.063 1.43 13.5 8 .0
Sebago 1.065 1.36 13.9 10.5
W hite Rose 1.065 1.70 14.3 9 .8
Russet Burbank 1.075 2.65 17.2 12.6
♦M ealiness Scale -  0 = Waxy
1 = S I. waxy
2 = SI. mealy
3 = Mealy
4 = V. mealy
Table 2 . The e ffec t of v a rie ty , se a so n , and h a rv est d a te  on th e  sp ec ific  g rav ity , m e a lin e ss , s ta rch  and
am ylose con ten t of po tato  tu b e rs .
La. Spring Grown Crops-(1958 and 1959) La. Fall Grown Crop (1959)
Harvest Specific M ealiness % Total % Specific M ealiness % Total %
Variety Date** Gravity Rating* Starch Amylose Gravity Rating* Starch Amylose
1 1.055 1.71 13.0 8 .0 1.062 2.00 13.5 4.8
2 1.057 1.00 12.6 7.6 1.067 1.80 14.8 8.4
Red LaSoda 3 1.048 -  ' - 5.2 1.070 - - 8.8
4 1.048 1.10 12.0 4.6 1.073 2.20 16.1 7.8
Averaqe 1.052 1.27 12.5 6.4 1.068 2.00 14.8 7.6
1 1.054 1.86 12.0 8.7 1.068 1.25 14.1 10.2
2 1.057 1.00 13.6 9.2 1.071 1.00 15.5 14.9
Sebago 3 1.050 - - 6.4 1.072 - - 13.2
4 1.050 1.43 13.0 6.7 1.065 1.50 16.9 8.8
Average 1.053 1.43 12.9 7.8 1.069 1.25 15.5 11.8
1 1.055 2.00 13.7 8.6 1.058 1.75 14.3 6.0
2 1.055 1.57 14.1 9 .0 1.075 1.50 15.7 10.5
White Rose 3 1.056 - - 7.6 1.074 - - 9.8
4 1.055 1.65 12.0 7.4 1.061 2.00 17.1 7.3
Average 1 = 055 1.74 13.3 8.2 1.067 1.75 15.7 8.4
1 1.065 3.14 16.2 9.8 1.064 2.65 16.8 6.9
2 1.067 1.86 14.9 10.0 1.072 2.00 17.5 11.5
Russet 3 1.060 - - 7.4 1.071 - - 10.4
Burbank 4 1.063 2.57 14.5 9.5 1.071 3.30 18.2 11.2
Average 1.064 2.53 15.2 9.2 1.070 2.65 17.5 10.0
(Spring) Harvest Dates** (Fall) * M ealiness Rating: 0 = Waxy
May 30 -  1 - Nov. 12 1 = SI. waxy
June 12 -  2 - Nov .  24 2 = SI. mealy
June 26 -  3 - Dec .  3 3 = Mealy
July 10 -  4 - Dec. 12 4 = V. mealy
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Table 3 . Relationship between specific gravity and cell size of northern 





Area of C ells (Sq. M ic.)
1.070 9,170
1.075 8,050



















(*-Significant at the 5% level)






Av. Cross-Sectional Area 
of C ells (Sq. Microns)** 
Raw Tubers Baked Tubers
% Starch *** 
Grains Above 





Red LaSoda 1.072 1.14 8,787 13,217 1.5 8 .1 10.8
White Rose 1.065 1.31 10,218 15,148 2.3 8 .0 12.1
Sebago 1.073 1.61 11,771 18,325 5.6 8 .2 14.2
Russet Burbank 1.080 2.68 15,594 25,268 19.4 13.1 18.9
* M ealiness Scale; 0 = Waxy
1 = S I. waxy
2 = SI. mealy
3 ® Mealy
4 = V. mealy
** -Av. of 10,000 measurements




the largest ce lls  (Fig. 25). C ells of raw tubers of the Russet Burbank 
variety averaged 89% larger in  c ro ss-sec tio n a l area than those of Red 
LaSoda, 53% larger than W hite Rose, and 32% larger than  Sebago tubers.
As shown in Table 5 , there was a high degree of correlation b e­
tw een specific  gravity and per cent to ta l s ta rch . Tubers of the Russet 
Burbank variety  contained the highest percentage of to ta l starch in a ll 
c a s e s . The Red LaSoda potatoes ranked low est in per cent to ta l starch 
(Fig. 6).
M ealiness Ratings of Taste Panels
M ealiness ratings of cooked tubers varied with v arie ties , location 
grown, and harvest seaso n .
Potatoes grown at the southern location in  the fa ll were rated 
highest in m ealin ess . Tubers from W isconsin and those produced at 
Baton Rouge in the spring were of approximately equal m ealiness. The 
samples from the northern location in 1957 were higher in  m ealiness than 
a ll o thers, but those grown there in 1958 ranked considerably lower. 
These comparisons are shown in  Table 1 and Figure 8 .
Russet Burbank potatoes were of h ighest m ealiness in  a ll c a se s . 
Those of the  Red LaSoda variety were low est, except for the Louisiana 
fall crop of 1958 (Table 1).
Taste panel ratings in Table 2 point out tha t the m ealiness of 
tubers grown during the spring in Louisiana decreased with successive 
harvest d a te s . The reverse occurred in fall crop harvests a t that
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T able 5 .  R e la tionsh ip  b e tw een  to ta l  s ta rc h  co n ten t and sp e c if ic  g rav ity
of tu b e rs  (Av. of a ll  v a r ie t ie s ,  lo c a tio n s , and  s e a s o n s ) .
Per Cent Specific
Variety Total Starch Gravity
12.0 1.048
12.0 1.052



















{**-Significant at the 1% level)
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location . Tubers from the la s t fall harvest ranked higher in  m ealiness 
than those from the first h a rv es t.
A comparison of m ealiness ratings and specific gravity readings of 
potatoes grown at the southern location during the spring showed a 
highly significant relationship (Table 6, Fig. 8). No correlation b e­
tween these  factors was found in tubers from the other location or crop 
se a so n s .
M ealiness ratings and the to ta l starch content of tubers (Table 7) 
were significantly  re la ted . Potatoes of the Russet Burbank variety rated 
highest in  both re sp e c ts , while those of the Red LaSoda were lowest 
(Fig. 11).
Total Starch Content
There were fluctuations in the to ta l starch content of raw tubers 
of the four varie ties grown at the two locations and harvested at differ­
ent seasons in one location .
All potatoes from the fall crop in Louisiana wd're highest in per 
cent to ta l sta rch , as shown in Table 1. Those grown a t the W isconsin 
location averaged next h ighest, while spring crop tubers a t the southern 
location were low est in  per cent to ta l starch .
Tubers of the Russet Burbank variety were higher in to ta l starch 
content than those of the other varie ties (Tables 1 and 4 , Fig. 14), while 
Red LaSoda ranked low est.
The per cent to ta l starch in  tubers of all varie ties except Sebago
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Table 6 . Relationship between the specific  gravity and m ealiness of 













W hite Rose 1.055 1.57
1.056 1.65
1.065 3.14
Russet Burbank 1.067 1.86
1.062 2.57
r =  .720** I / M ealiness Scale
0 = Waxy 2 -  SI. mealy 
(**-Significant at the 1% level) 1 = SI. waxy 3 = Mealy
4 = V. mealy
T able 7 . R e la tio n sh ip  b e tw een  th e  to ta l  s ta rc h  co n ten t and m ea lin e ss  of
tu b e rs  (Av. of a l l  v a r ie t i e s , lo c a tio n s , and s e a s o n s ) .
Per Cent M ealiness
Variety ________________Total Starch__________ Rating-^/
1 2 . 6  1 . 00
13.0 1.71






1 2 . 0  1 . 86
13.7 2 .00




Russet Burbank 17.5 2.65
18.9 2.15
r =  .597* —1 M ealiness Scale
0 = Waxy 2 = SI. mealy
(*-Significant at the 5% level) 1 = SI. waxy 3 = Mealy
4 = V. mealy
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(Table 2) decreased as harvest w as delayed in  the Louisiana spring c ro p s. 
Delay of harvest in the fall a t th is  location caused an increased  starch 
content of the tu b e rs .
There was a highly significant relationship between per cent 
to ta l starch and per cent amylose in raw tubers of a ll varie ties (Table 9, 
Fig. 14), regardless of location grown or season harvested .
Amylose Content
Amylose content of raw tubers w as influenced by variety , loca­
tion , and season  of harvest.
Tubers grown at the W isconsin  location (Table 1) averaged highest 
in per cent am ylose. Louisiana fall grown potatoes contained the next 
highest amount of am ylose, w hile those produced in the spring a t th is 
location were low est in am ylose.
The per cent amylose in tubers of a ll varie ties grown during the 
spring at Baton Rouge decreased as harvest w as delayed. An increased  
percentage of amylose was found in tubers from the fall crop a t tha t loca­
tion when the harvest date w as delayed (Table 2, F igs. 17, 18, 19, 20).
Russet Burbank potatoes contained the highest percentage of 
amylose under a ll conditions, while those of Red LaSoda had the low est 
(Fig. 1, Table l ) .
The amount of amylose in tubers from the southern grown spring and 
fall crops of 1958 varied significantly between varie ties (Tables 12 and 
13). Harvest date had a highly significant effect on amylose content.
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Table 8 . R ela tionsh ip  b e tw een  th e  am ylose  co n ten t and m ea lin e ss  of

























Russet Burbank 14.0 1.75
17.4 2.15
20.0 3.38
r = ,424* M ealiness Scale
0 = Waxy 2 = S I. mealy 
(*-Significant a t the 5% level) 1 -  SI. waxy 3 = Mealy
4 = V. mealy
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T able 9 , R ela tionsh ip  be tw een  th e  to ta l  s ta rc h  and am ylose  con ten t of
raw  tu b e rs  (Av. of a l l  v a r ie t ie s ,  lo c a tio n s , and s e a s o n s ) .
Per Cent Per Cent
Variety _____________ Total Starch______________________Amylose
12.0 4.5
12.6 5 .6




















{•**-Significant at the 1% level)
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There was also  a significant in teraction between varie ties and harvest 
d a te s .
Table 8 and Figure 12 show tha t a correlation ex isted  between 
per cent amylose and m ealiness ratings of tubers from a ll crops. A 
highly significant relationship between per cent amylose and specific 
gravity of the tubers w as also  found (Fig. 1).
Cell Size
A comparison of the ce ll size  in raw and cooked tubers showed 
varietal in fluences. There were relationships between th is  factor and 
some o thers.
Cooked and raw tubers of the Russet Burbank variety contained the 
largest c e l l s , and Red LaSoda the sm allest (Table 4 , F ig . 24).
A highly significant relationship  (Table 10) ex isted  between ce ll 
size and per cent to ta l starch in the tubers grown at W isconsin during 
1959. These associa tions are further shown in Figures 15, 21, and 22.
No correlation (Figs. 9 , 10, 21) was found between ce ll size  and 
m ealiness ratings of tubers, nor between cell s ize  and per cent am ylose.
Starch Grain Size
Differences in starch grain size  were noted in  tubers grown at 
W isconsin during 1959. Some interrelationships were a lso  observed.
There w as no significant association  between the percentage of 
starch grains below fifty microns in diameter and specific gravity,
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Table 10. Relationship between the to ta l starch content and cell size of
raw and cooked tubers of different varieties grown at Rhinelander, 




Av. C ross-Sectional 
Area of Raw Cells 
(Sq. Microns) 3 /
Av. C ross-Sectional 
Area of Cooked Cells 
(Sq. Microns) i /
Red LaSoda 10.8 8,787 13,217
W hite Rose 12.1 10,218 15,148
Sebago 14.2 11,771 18,325
Russet Burbank 18.9 15,594 25,268
1 /av . of 8 analyses
2 / A v .  of 1 0 , 0 0 0  measurements
3 /r = .998**
i / r =  .999**
(**-Significant at the 1% level)
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Table 11 . Relationship between starch grain size  and to ta l starch content 





Per Cent Starch Grains 
Above 50 Microns in 
Diameter ^
Red LaSoda 10.8 1.5
W hite Rose 12.1 2.3  ■
Sebago 14.2 5.6
Russet Burbank 18.9 19.1
r = .978* •i/Av. of 8 analyses
(*-Significant at the 5% level) 2 /av . of 2,000 measurements
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Table 12. Analysis of variance summary table for the amylose content of 
tubers of different varie ties grown in the spring of 1958 at the 
Louisiana location.
Degrees of Mean
Source of Variation Freedom Square F Values
Main Plots:
Varieties 3 12.66 13.05**
Blocks 3 3.42 3.52
Error (a) 9 0.97 -
Sub Plots:
Harvest Date 3 76.29 42.86**
Variety x H . Date 9 5.04 2.83*
Error (b) 36 1.78
(* -Significant at the 5% level) 
(**-Significant at the 1% level)
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Table 13. Analysis of variance summary tab le  for the amylose content of 
tubers of different varie ties grown in the fall of 1958 at the 
Louisiana location.
Degrees of Mean
Source of Variation Freedom Square . F Values
Main Plots:
Varieties 3 55.94 17.58**
Blocks 3 1.37 0.43
Error (a) 9 3.19 -
Sub Plots:
Harvest Date 3 63.97 13.61**
Variety x H . Date 9 6.01 1.27
Error (b) 36 4.70 “
{**-Significant at the 1% level)
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m ealiness, cell s iz e , or starch and amylose content of the tubers . 
However, the per cent starch grains above fifty microns in diameter was 
correlated with some of th ese  tuber fac to rs .
Russet Burbank potatoes (Table 4) contained the highest percent­
age of starch grains above fifty microns in  diam eter, and Red LaSoda 
the low est amount.
A comparison of the per cent starch grains above fifty microns in 
diameter and the amount of to ta l starch contained in tubers showed a 
correlation (Table 11). Figure 16 further illu stra tes  th is  relationship .
The per cent amylose and the ce ll size  of the tubers were also  
related to  the percentage of starch grains above fifty microns in diameter 
(Figs. 23, 26).
No relationship was found between the percentage of starch 
grains above fifty microns in  diameter and the specific gravity or meali­
ness ratings of the tubers (Figs. 7 and 13).
DISCUSSION
Differences in  specific  gravity of tubers reported herein generally 
agree w ith other work (25, 42, 46, 47), and indicate tha t specific 
gravity is  of value as a measure of potato culinary quality . However, 
it  is  important to  note tha t associa tions between specific gravity and 
m ealiness ratings of tubers fluctuated , except at the varietal extremes 
of Russet Burbank and Red LaSoda. There w as no consistency in the 
m ealiness ratings of Sebago and W hite Rose po ta toes, nor in their 
specific  gravity . A correlation between th ese  two factors w as found 
in Louisiana spring grown tu b ers , but none ex isted  in the fall crop 
potatoes at tha t location , nor those produced at W isconsin .
The higher specific gravity of tubers grown at the norther location 
was expected . Relatively high tem peratures in Louisiana during the 
spring growing season are not favorable for accum ulation of dry matter 
in the tubers, due to  high respiration rates a t tha t tim e. However, the 
specific gravity and m ealiness of the southern fall grown tubers com­
pared favorably with tha t of the W isconsin c ro p s . Potatoes from the 
Baton Rouge location in the fa ll were superior in m ealiness to those 
grown in W isconsin , and of higher specific  gravity and m ealiness than 
tubers from the Louisiana spring crop.
Contrasting specific gravity of potatoes from delayed harvests in 
the spring and fall, a t Baton Rouge points out the influence of temperature
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on to ta l dry matter content. Delay of spring harvest, w hile the tem pera­
ture increased , resulted  in a lower specific gravity of the tubers . Those 
from the fall crop, however, were higher in specific gravity as harvest 
w as delayed and temperature decreased , causing lower respiration ra te s .
The specific g rav ity -ce ll size  relationship  of tubers was in te re s t­
ing . Literature reviewed contained no reference to  th is  associa tion , 
although potato tuber ce ll s ize  and starch grain size  failed to  correlate 
(8) . Specific gravity and dry matter content of tubers are closely  re ­
la ted  (25, 29), and starch content has been reported as directly propor­
tional to  specific gravity (3, 49). However, tubers of different v arie ties , 
with iden tical specific  gravity , did not necessarily  have the same 
starch conten t. It w as also  sta ted  (21) tha t specific  gravity did not 
correctly indicate the starch content, nor by inference the m ealiness 
of p o ta to es . The work reported here shows tha t a significant rela tion­
ship existed  between specific gravity and ce ll size  of the tu b e rs , and 
also  starch content and specific gravity . C onsequently, it would seem 
tha t the relationship between ce ll s ize  and starch content did influence 
specific gravity . A significant associa tion  was found between to ta l 
starch and amylose content and m ealiness ratings of tubers in a ll c a se s , 
but a correlation between specific  gravity and m ealiness existed  only 
in tubers grown at Baton Rouge during the sp ring .
The lack of s ta tis tic a l significance between m ealiness ratings and 
some tuber constituents further em phasizes the need for a more objec­
tive  method of quality evaluation, as has been sta ted  (49). Variance
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in m ealiness ratings of tubers having the same specific gravity , starch , 
and dry matter content seems principally due to the  subjective nature of 
the ta s te  panel method of quality com parison.
A further discrepancy in the use of specific gravity-m ealiness 
associa tions as tuber quality criteria  is  shown by a comparison of 
th ese  factors in  potatoes grown at W isconsin  during 1957 and 1958. 
Samples from the 1957 crop were rated higher in m ealiness than those 
grown during 1958, yet the specific  gravity of tubers from each variety 
in  1957 w as lower than in  the 1958 crop. However, the higher m ealiness 
rankings of the tubers from the former crop may be explained by their 
higher starch and amylose conten t. There was a significant relationship 
between m ealiness ratings and the per cent to ta l starch and amylose in 
th ese  po ta toes.
M ealiness scores and amylose content of potatoes produced in  
W isconsin during 1957 averaged highest of a ll crops, while those grown 
at Baton Rouge during the spring were low est in  both re sp e c ts . Russet 
Burbank tubers consisten tly  ranked h ighest in m ealiness and per cent 
am ylose, w hile the reverse w as invariably true of the  Red LaSoda 
p o ta to es . This would seem to indicate tha t the amylose content had 
some influence on m ealiness evaluations of the ta s te  panel. Ratings 
of the tubers of a ll varie ties in respect to  these  facto rs, averaged over 
a ll crop seasons and locations, show that a correlation did e x is t.
The decrease in amylose content of Louisiana spring grown tu b e rs , 
and increased  per cent amylose of those from the fa ll crop the re , as
47
harvest w as delayed, follow sim ilar patterns in  m ealiness ratings and 
starch content. Apparently, increasing respiration ra tes  in the spring 
crop, as  temperature increased , caused a decrease in the amount of 
amylose in the tu b e rs . The cooler tem peratures resulting from delayed 
fall harvest were responsible for an opposite effect. Lower m ealiness 
ratings of tubers as spring harvest w as delayed, and higher m ealiness 
scores of samples from delayed fa ll h a rv e s ts , show that the per cent 
amylose in  the potatoes had some influence on ta s te  panel ra tin g s .
The significance between the percentage of amylose and most 
other factors in tubers grown under a ll conditions of th is study suggests 
that an amylose analysis would be a more objective method of culinary 
quality rating than specific gravity or ta s te  p an e ls . Although the work 
reported here w as necessarily  lim ited to  four potato v arie ties , amylose 
determinations and quality comparisons were made with tubers of many 
other varie ties and seed lin g s. A ssociations found between per cent 
amylose and starch content, m ealiness sco res , specific gravity and dry 
matter percentage of these  potatoes were sim ilar to  those reported herein. 
The amylose te s t  used w as simple and rapid, requiring only a small 
sample (19). Agreement of resu lts  with other methods (28) was good, 
affording quick comparison of a large number of tuber sam ples.
Per cent to ta l starch in tubers from the delayed spring and fall 
harvests followed a trend sim ilar to  that of amylose and specific gravity. 
Starch content decreased in the spring and increased  during the fall at 
Baton Rouge. Since there w as a high degree of correlation between the
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amylose and to ta l starch content of the tu b e rs , th is  sim ilarity seemed 
log ical. It has been reported that a significant relationship ex isted  b e­
tween m ealiness ratings and per cent starch found in the  tubers (5, 42, 
50). However, some workers (50) have pointed out that m ealiness 
scores could not be explained by starch content a lo n e . The starch 
from potatoes ranking low in m ealiness also  contained le ss  am ylose.
Environmental and varie tal differences seemed to affect the to ta l 
starch and amylose content of tu b e rs« Potatoes of the same variety 
grown at both locations varied as much in per cent starch and amylose 
as those of different varie ties at the same location . The influence of 
both th ese  tuber constituents on m ealiness ratings and specific gravity 
is  shown by the  significant associa tions which existed  between them. 
Total starch and amylose percentages were correlated with ta s te  scores 
and specific gravity of potato tu b e rs . Potatoes of the four varieties 
a lso  showed inherent differences in  per cent starch and am ylose. Russet 
Burbank tubers from Louisiana and W isconsin consistently  ranked 
highest; Red LaSoda low est in to ta l starch and am ylose. Sebago and 
W hite Rose po ta toes, of interm ediate rating , maintained th is  relationship 
a t both locations regardless of season .
Inherent varie ta l differences reported here indicate tha t the amy­
lose content of tubers should be considered in a breeding program to  
improve the culinary quality of southern grown Irish  p o ta to es. Studies 
to  determine the method of ineritance of high amylose content in tu b e rs , 
and combining of parents possessing  th is  quality , could resu lt in progeny
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superior to  present varie ties in th is  resp ec t. Use of the  rapid amylose 
te s t (19) in conjunction with a breeding program would be of value in 
allowing quick screening of seedling tubers for per cent am ylose, 
particularly .-since only a small sample is  required.
Further evidence tha t the starch content of tubers influenced their 
m ealiness is  demonstrated by a comparison of these  factors in the 
northern and Louisiana fall crops. Potatoes at the southern location 
in the fall averaged highest in both re sp e c ts , and northern crop tubers 
ranked next. Samples grown at W isconsin in 1957 were of higher 
m ealiness and contained more starch than a ll o thers, but those from 
that location in 1958 fell considerably lower in ra tin g s . The former 
crop season  at the northern location was more favorable for production 
of tubers of high culinary quality than the la tte r . It should also  be 
pointed out that the la s t two fall harvests in Louisiana were delayed 
somewhat beyond the normal date , so that tem peratures were lower than 
would have been the case in the usual fall h arvest. In addition, the first 
killing frost tha t year had not occurred before the la s t harvest date of 
December 12. The average date of the firs t killing frost in the fall at 
tha t location is  November 21.
The high quality ratings of Louisiana fall potatoes indicate that 
perhaps sim ilar resu lts  could be expected in spring grown tubers at tha t 
location if the crop were planted earlier than now p racticed . The 
potatoes would be grown when conditions might be more favorable for 
a higher percentage of amylose and to ta l starch to  accumulate in the
50
tu b e rs . Earlier planting would increase the risk  of frost dam age, but 
could be minimized by cultural p rac tices , and permit maturity of better 
quality tu b e rs . This is  especially  important if the crop is  being grown 
for p rocessing , such as potato chip manufacture.
Starch content of tubers seems to  be the principal factor deter­
mining their ce ll s iz e , since a highly significant relationship ex isted  
between th ese  two factors in the 1959 northern crop. Russet Burbank 
potatoes had the largest c e lls ,  and highest amount of sta rch , while the 
reverse w as true of Red LaSoda. W hite Rose tubers had slightly larger 
ce lls  than Red LaSoda and a higher per cen t sta rch , w hile Sebago'tubers 
were exceeded only by Russet Burbank in both re sp e c ts . A varietal 
trend has been reported (8 , 27) in  the ce ll s iz e -s ta rch  content a s so c ia ­
tion .
Preliminary examination of southern grown tubers of these  varie­
tie s  ind icates tha t they follow a pattern sim ilar to  northern po ta toes.
The lower starch content of Louisiana spring grown tubers is  associa ted  
with sm aller ce lls  than potatoes produced in  W isconsin .
These correlations seem lo g ic a l, since starch is  the principal 
component of dry matter in p o ta to es , so larger ce lls  should be n eces­
sary to contain higher percentages of sta rch . The significant a s so c ia ­
tion  between ce ll size  and specific gravity a lso  ind icates tha t larger 
ce lls  are required in tubers which contain more dry m atter. These 
findings are based on work with tubers of equal size  and w eigh t, as  
there is  some belief (27) tha t larger tubers are composed of larger ce lls
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th a n  sm a lle r  p o ta to e s .
Although no significance w as found between tuber ce ll size and 
m ealiness ra tings, there was a definite trend towards such an a s so c ia ­
tio n . Since, to ta l starch percentage and ce ll s ize  of potatoes were 
highly correlated, and starch content and m ealiness scores of tubers 
were also  significantly  re la ted , it. would seem reasonable that ce ll 
s ize  could also  influence potato tex tu re . It is  possib le  tha t the tubers 
with larger c e lls , containing more to ta l starch and amylose than those 
of smaller ce ll s iz e , were ranked higher in m ealiness by the panel due 
to the more granular ta s te  of the larger c e l l s . This possib ility  seems 
even more definite if tuber ce ll s ize  and m ealiness ratings are studied 
more c lo se ly . The ce ll size  of tubers from each variety exactly 
parallels the ir m ealiness ra tings. Russet Burbank ranked f irs t  in both 
re sp ec ts , Sebago second, W hite Rose th ird , and Red LaSoda la s t .  This 
relationship was a lso  found in potatoes of the same varie ties grown in 
Louisiana during the spring .
The percentage of starch grains above fifty microns in  diameter 
w as correlated with ce ll s iz e , to ta l starch  and amylose content of 
tubers. These relationships may have a lso  influenced ta s te  ra tings, 
even though no direct associa tion  ex isted  between starch  grain size  
and m ealiness ratings of tu b e rs . Larger starch grains may be necessary  
in a tuber in  order for it to  contain higher amounts of starch and am ylose. 
Larger ce lls  could also  be required where such starch grains are p resen t.
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The lack of significance between per cent starch grains below fifty 
microns in diameter and other tuber constituents seems to  indicate such 
a rela tionsh ip , despite  the fact that sm aller starch grains were more 
numerous in tuber ce lls  than the larger o n es .
Inherent varietal and environmental differences in starch grain 
size  of tubers grown at the northern and southern locations seemed to 
e x is t . These characteristics of potatoes have been reported (8 , 42) I 
The study related herein shows that Russet Burbank tu b ers , higher in 
amylose and starch content, invariably contained the largest percentage 
of starch grains above fifty microns in diam eter. The reverse situation 
w as found in potatoes of the Red LaSoda variety in a ll c a s e s , while 
Sebago and W hite Rose ranked interm ediate0 Preliminary examination 
of tubers from these  varie ties grown in Louisiana during the spring 
indicates their starch grain size  may be sm aller than that of potatoes 
produced in W isconsin .
All resu lts  reported here were obtained with tubers of four Irish 
potato varie ties , from tw o  loca tions. These data may not be applicable 
to  other varie ties and lo ca tio n s .
SUMMARY
Culinary quality comparisons were made with tubers of the Irish 
potato varie ties Red LaSoda, Sebago, W hite Rose, and Russet Burbank 
grown at a northern and a southern location .
Specific gravity and m ealiness were significantly correlated in 
tubers grown at the southern location during the spring. Inherent varie­
ta l differences in specific gravity were found. Russet Burbank potatoes 
were h ighest, and Red LaSoda tubers low est in specific gravity . En­
vironmental effects on specific gravity were no ted . Tubers grown at 
the northern location were highest in specific gravity, those from the 
southern location in the spring low est, and southern fall grown potatoes 
of interm ediate specific gravity. Delay of spring harvest caused a 
lower specific gravity , while the reverse w as true in the fall tubers. 
Specific gravity of potatoes was also  influenced by their ce ll size  and 
starch content.
There was a significant relationship between m ealiness ratings 
and the per cent amylose and to ta l starch in po ta toes. Amylose and to tal 
starch content were also  highly correlated. M ealiness scores and 
amylose content of W isconsin grown potatoes averaged h ighest, while 
Louisiana spring grown tubers ranked low est in these  re sp e c ts . Amylose 
content and m ealiness of tubers decreased as harvest w as delayed at the 
southern location during the spring, while the reverse occurred as fall
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harvests in  Louisiana were delayed. Varietal, as  wedlLas environmental 
differences were found in amylose content and m ealiness of po ta toes. 
Russet Burbank tubers consistently  ranked highest in th ese  fac to rs , 
while Red LaSoda was invariably rated low est.
Amylose content of tubers appeared to  be a more objective method 
of predicting quality than either specific gravity or ta s te  panel m ethods.
Inherent varie tal differences reported here also  indicate tha t the 
amylose content of tubers should be considered in a breeding program 
to  improve the culinary quality of southern grown Irish p o ta to es. The 
amylose te s t could be used in  conjunction with a breeding program, 
allowing rapid screening of progeny for the amount of amylose w hich 
they contain .
Environmental and varietal differences a lso  affected the to ta l 
starch content of tu b e rs . Potatoes grown at the southern location in 
the fall ranked highest in per cent sta rch , those at tha t location in the 
spring low est, and northern grown tubers interm ediate. The starch 
content of tubers decreased during successive  harvests in Louisiana 
during the spring, w hile delay of fall harvests there had the opposite 
effec t. Inherent varietal differences in to ta l starch content also  ex isted . 
Russet Burbank tubers were consistently  higher in sta rch , while Red 
LaSoda rated low est.
Tuber ce ll s ize  and starch content were highly correlated, showing 
tha t starch may be the principal determining factor in ce ll s iz e . Varietal 
differences in tuber ce ll s ize  were found, with Russet Burbank containing
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the largest ce lls  and Red LaSoda the sm allest. W hite Rose ce lls  were 
slightly larger than  those of Red LaSoda, while Sebago ce ll s ize  was 
exceeded only by tha t of Russet Burbank. Indications were that sim ilar 
trends ex isted  in tubers of the same varie ties grown at the southern 
location , so environmental effects could a lso  influence ce ll s iz e .
There w as a definite tendency towards an associa tion  between ce ll 
s ize  and m ealiness ratings of tubers.
The percentage of starch grains above fifty microns in diameter 
w as correlated with ce ll s iz e , to ta l starch and amylose content of 
tu b e rs . Inherent varie ta l differences in starch grain size  also  ex isted . 
Russet Burbank tubers contained the largest amount of starch grains 
above fifty microns in diam eter, and Red LaSoda the low est, whether 
grown at the northern or southern location . Environmental influences 
on starch grain size a lso  seemed to e x is t .
All resu lts  were obtained with tubers of four v a r ie tie s , at two 
lo ca tio n s , and may not apply to other varie ties and lo ca tio n s .
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Figure 1. The effect of variety, location, and season on specific gravity and 
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Figure 3 . The e ffec t of growing se a so n  and date  of h a rv est on th e  sp e c if ic
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Figure 4 , The e ffec t of growing se a so n  and d a te  of h a rv e s t on th e  sp ec ific
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Figure 5 . The e ffec t of growing se a so n  and d a te  of h a rv est on th e  sp e c ific
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Figure 6 . The effect of variety, season , and location on the specific gravity and starch content
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Figure 7. Relationship between specific gravity and starch grain size of 
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Figure 8 . E ffect of v a r ie t ie s ,  lo c a tio n , and se a so n  on th e  sp e c if ic  g rav ity  and  m ea lin e ss  of
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Figure 11. Effect of v a r ie t ie s ,  lo c a tio n , and  se a so n  on th e  s ta rch  con ten t and  m ea lin e ss  of
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Figure 13. Relationship between starch grain size and mealiness in  northern 





























Grown-195 9 A *  *  * % * B
VARIETIES 
O -  R. LaSoda
A, -  Wh. Rose 
B " Sebago 
9  -  Burbank
--------------1---------------------i---------------------1--------------- i---------------------i--------------------1
6 9 12 15 18 21
Per Cent Amylose in Raw Tubers 
























O- R. LaSoda 
A - W h. Rose 
B~ Sebago 
R. Burbank
 1- - - - - - - - - - - - - 1- - - - - - - - - - - - - 1- - - - - - - - - - - - - c- - - - - - - - - - - - - s- - - - - - - - - - - - - i > —  — i "  j  |  - - - - - - - - - - 1- - - - - - - - - - - - - i
8 ,000 10,000 12,000 14,000 16,000 18,000
Average C ross-Sectional Area of C ells in Raw Tubers-(Sq . Microns)

























O - R. LaSoda
A -  W h. Rose
H - Sebago
# -  R» Burbank
4- +
5 10 15 20
Per Cent Starch Grains Above 5 0 Microns in Diameter
Figure 16. Relationship between starch grain size and per cent to ta l starch in northern 

























'"’■"■•'O D ec. 3
^  ^  *■ O D ec. 12
*  W . 2 4 X  #  *  °  La‘ Fal1 GrOWn"1958
& \  June 26
* *  July 10
O '"'"""'O La. Spr. Grown™ 195 8
Nov. 12
 j-----------------1---------------- 4--------  b----------------»
1 2  3 4
Harvest Date
. Effect of se a so n  and d a te  of h a rv e s t on th e  am ylose  con ten t of Red




















*  * -*■ * D ec, 3
* B#  *
i o -  z * June l2 \  *
Nov c 12 \  %
& Dec o 12
\  m La„ Fall Grown-1958
\
'V  g  La, SpK» Grown-1958
S '-" " " "  July 10 
June 26
4 ------------------------------------!-------------------------------- 5---------------------------------1-
1 2 3 4
Harvest Date
Figure 18, Effect of se a so n  and d a te  of h a rv est on th e  am ylose con ten t of
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Relationship between the starch and amylose content and cell size of raw tubers of 
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Figure 22= R ela tionsh ip  betw een  th e  s ta rch  and am ylose con ten t of raw tu b e rs  and th e  c e ll  s iz e  of
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Figure 23, Relationship between starch grain size and amylose content 
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Figure 24. A comparison of ce ll size in tubers of different varieties and 
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Figure 25. Relationship between cell size and specific gravity of northern grown 
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Figure 26 . R elationsh ip  betw een  c e ll  s iz e  and s ta rch  g ra in  s iz e  of northern grown tu b e rs .
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Figure 27. Photomicrograph illustrating  starch grain size  of raw 
Red LaSoda tubers (XI00).
Figure 2 8 . Photom icrograph i llu s tra tin g  s ta rc h  g ra in  s iz e  of raw
W hite  Rose tu b e rs  (XI00).
88
«
Pigure 29. Photomicrograph illustrating  starch grain size  of raw 
Sebago tubers (XI00).
Figure 3 0 . Photom icrograph i l lu s tra tin g  s ta rc h  g ra in  s iz e  of raw
R u sse t Burbank tu b e rs  (X100).
Figure 3 1 . Photom icrograph i llu s tra tin g  c e l l  s iz e  of raw  Red LaSoda
tu b e rs  (XI00).
Figure 3 2 . Photom icrograph i l lu s tra tin g  c e l l  s iz e  of raw  R usset
Burbank tu b e rs  (XI00).
Figure 33 . Photom icrograph illu s tra tin g  c e l l  s iz e  of cooked Red
LaSoda tu b e rs  (XI00).
Figure 34 . Photom icrograph illu s tra tin g  c e l l  s iz e  of cooked  R usset
Burbank tu b e rs  (XI00).
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